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SUMMARY

This report presents the results of tests mhde by the National Adv-isory Committee for
.Aeronauties on three sizes of Roots type aircraft engine superchargers. The impeller contours
and diameters of these ma&ines were the same, but the lengths were 11, 8%, and 4 inches,
giv;ng displacements of 0.509, 0.382, and 0.185 cubic foot per impeller revolution. The infor-
mation obtained serws as s basis for the examination of the individual effects of impeIler speed
and displacement on performance and of the comparative performance when speed and dis-
placement are altered simultaneously to meet definite service requirements.

According to simple theory, when assuming no losses, the air weight handled and the
power required for a given pressure difference are directly proportional to the speed and the
displacement. These simple reIations are altered c.onsiderab~y by the losses.

In estimating the effect of speed on performance it is of interest to not-e that:
(1) The difference between the actuaI power and the theoretical power was found to vary

with the speed raised to the 2.5 poxer. The theoretical power was obtained by multiplying
tha pressure M erence by the displacement arid speed and dividing by the horsepower constant.

(2) The volumetric efficiency of the act~ial machine remains nearIy constant over a large
part of the interesting speed range, the decrease in volumetric eftkiency at a speed 01 6,000
R. P. hL being less than 2 per cent.

(3) The ratio of the discharge air temperature to the inlet temperature was found to depend
on speed. This effect of speed is represented by the coef%cient “ C“ in the relation

which has a vaIue of 1 %t zero R. P. M. increasing to 1.04 at 6,500 R. P. M.
With regard to the effect of displacement on performance, the following points are of

interest:
,

(1) The power loss was found to increase with displacement.
(ii) The maximum volumetric efficiency increased somewhat with increase in displacement.
~~) The relation between the inlet and discharge temperatures and pressures as represented

by the esponent “n” in the above equation was found to increase from 1.36 to 1.53 with increase
in impeller Iength from 4 to 11 inches.

When comparing the performance of different sizes of machines whose impefler speeds are
so related that the same service requirements are met, it is found that the individual effects of
speed and displacement are canceIed to a large extent and the only considerable difference is the
difference in the power losses which decrease with increase in the displacement and the accom-
panying decrease in speed. This difference is smalI in relation to the net power of the engine
supercharger unit, so that a supercharger with short impellers may be used in those applications
-where the space available is very limited witbou t any considerable sacrifice in performance.
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INTRODUCTION

The general performance of the Roots type aircraft engine &upercha.rger has been discussed
in Technical Report No, 230 (Reference 1) and a brief comparison made with some of the impor-
tant characteristics of other types of compressors that are used as superchargers, This compari-
son showed that the Roots type “compressor hak several features which make attractive its use
as an aircraft engine supercharger, Of these features, its ~daptability to a simple method of
control involving a minimum of power loss and its good efficiency are especially noteworthy.

In determining the proportions of a Roots supercharger for a particular ~pplication there
are two variables that are primarily concerned, namely, the displacement per revolution and the
rotative speed of the impellers. The action of a Roots supercharger is to transfer a fixed volume
of air at intake density from the inlet side to the discharge side where it is compressed to the dis-
charge pressure by the back flow of high pressure air (Reference 1). The theoretical delivery
in weight per u~it time, assuming no clearance and no losses, is, then, the product of the displace-
ment-in unit time and the density of the inlet air. Since the displacement in unit time is directly
proportional to the product of displacement per revolution and revolutions per unit time, and
the size and weight are to a large extent proportional to the displacement per revolution, it is
evident that a great saving in space occupied and weight can be made by operating a small
machine at high impeller speeds. The theoretical power required with no losses is given by
the eauation

=P=DN (P2–PJ
33000

where D= Displacement per revolution
N= R. P.M..

P2 – 1’1= Pressure difference.

The theoretical power is, therefore, directly proportional to the speed, and the power per unit,
of

of
of

air delivered in unit time, assuming no Iosses, is the same regardless of speed or size.
Certain losses enter, however, to alter these simple relations and a knowledge of the effects

speed and displacement per revolution becomes important in the application of this type
supercharger.

--=-, I I I f-=--
A‘J Secfion A-A

FIG. 1.—N. A. C. A. Roots type supercharger with gear end plate removed and supercharger cross section showing 4-inch impellers

Tests covering a large range of impeller speeds haye been made at the LangIey Memorial
Aeronautical Laboratory on three sizes of Roots type superchargers. These three machines
have the same impeller contour and diameter so that change in displacement and delivery
with no losses is proportional to the change in impeller length. The displacements per revo-

lution are 0.509, 0.382, and 0.185 cubic foot and the impeller lengths are 11, S%, and 4 inches.
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The machine with the 1l-inch impelIers has been described in detaiI in TechnicaI Report No.
~30 and, except for Chmgw tenfig for betf~r me~ha.fi~aI ~on&t.ions, the type of construction

of all three machines is essentially that given therein. Figure 1 shows the constructional details
of the machine with 4-inch impeks.

The purpose of this report is to present the performances of these three machines on a
comparative basis and point out the effects of speed and dispkcemeut on performance.
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TEST RESULTS

The performances of the superchargers -were obtained from tests made by throttling their
inlet ports and driving them at speeds up to 21700 R. P. hf. for the 1l-inch machine, 5,2S3
R. P. hf. for the 8~-inch machine, and 6,110 R. P. M. for the 4-inch machine. The air was
discharged at atmospheric pressure. The quantity of air delivered -was measured by a Durley
Orifice Box, the power required to drive the superchargers -was measured by an electric dyna-
mometer and the inlet and discharge temperatures and pressures -were measured by mercury
thermometers and manometers. Experiraental data for the tests of the 8~-inc.h supercharger
are shown in Tables I to V, inclusive. Since the temperatures of the air varied somewhat

—
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while the tests }~ere in progress, the delivered air weights were corrected to a tempcr~ture of
59” F. inorder toprovide comparabled ata. The apparatus used and the methods of compu-
tation were, in general, the same as given in Technical Report No. 230.

Figure 2 shows the brake power for the three superchmgers. The data for the 8% and 4
inch superchargers were obtained by operating them at fixed speeds, but those for the 1l-inch
supercharger were obtained by maintaining the delivered air weight constant over a range of
pressure clifferences.. It was necessary, therefore, to cross plot the original data for the 11-inch
supercharger to find the relation shown in this figure; hence, data points arevnot shown for this
machine.

Three distinbt series of tests were made to. obtaia the data shown for the 8%-inch super-
charger, The range of pressure differences used in tthe first series was extended in the second ~ ._

and third series, although these latter included data ~~it,hin the range of the first series. .Thero
~ppeared to be some contacting between the rotors at the higher pressure differences in the
second series which_ probably accounts for the fact that the power WM highest for this series.

A brief anaIysis of power is shown in Figure 3. The brake power shown in this figure was
obtained by cross plotting from Figure 2. The theore~ical power was obtained from the theo-
retical equations given in the introduction and explained in Technical Report hTo. 230. The
difference-s between these two powers represent the power losses.

Figure 4 shows the weight of air delivered; the curves are cross plots of the original data,
which gave definite relations.

The ratios of the discharge air temperature to.the inlet air temperature plotted against
the ratios of the discharge pressure to the inlet air pressure on a logarithmic basis are shown in
Figure 5. It may be noted that, for the 8% and 4 inch superchargers the intercept of straight
lines representing the data with the temperature ratio axis increases with increase in speed. The
tests of the 1l-inch supercharger were not carried to those speeds where a definite speed effect
is apparent. The data for the 8~-inch supercharger appears to give two straight lines Of dif-
ferent slopes, intersecting at a pressure ratio of about 1.5. Although some of the poinis were
obtained in the second series of tests where some co~twting had been noted, the few points
obtained in the third series show the same effect.

Measurements were also made of slip speed, i. e,, that speed required to mzinttiin definite
pressure differences with no air delivery, These tests were made by blocliing off the inlet to
the supercharger. The results of these measurcrnentt ale given in Figure 6. The lower part
of this figure shows the effect of a change in impel}er end clearance from 0,015 to 0,020 inch.
The dotted Iines shown in this part of the figure indicate the manner in which the slip speed
changes with temperatures.

ANALYSIS OF THE PERFORMANCES OF THE THREE SUPERCHARGERS

In making a comparison of the performances of these superchargers the test results used
should apply to that condition of each supercharger necessary for the most efficient operation
under ordinary service conditions. S&co the performance of a Roots supercharger is affcctcd
by the clearances between the two impellers and between the impellers and the parts composing
the compression ch~rnber, the comparison must be made for comparative clearances. The
clearances that should obtain for a fair comparison depend on the tolerances used and on the
materials and detaik of construction. The tolerances and freedom in the bearings and the method
of locating them prohibit-the use of clearances proportional to the impeller length, although
such a proportion might have been possible from a consideration of the relative amount of ex-
pansion with increased temperature. A definite comparison was obtained by reducing all per-
formances for the three machines to the same clearances that obtained in the tests of the 4-inch
supercharger – 0.007 inch between the impellers and between the tips of the impellers and the
curved sides of the compression chamber, and 0,010 inch between tho ends of the impelIers and
the ends of the compression chamber.



ROOTS TYPE AIRCRATT ENGLWE .SUPERCHARGERS 99

A change in clearance does not affect the air handled which is the sum of the air delivered
and that which slips back through the impeller-case clearances, but it does affect the ratio of
these two components. The amount of air deliyered decreases with increased clearance, as is
shown in Figure 4. The amount of air that is Iost in dip increases -with the clearance since the
slip speed increases -with clearance, as shown by Figure 6.

The method used herein for correcting the air deli~ered assumes that it is proportional to
the difference bet-i-men the impeller speed and the slip speed. It is realized, ho-we-rer, that the

111 t%.sk$-~ed]tlllll
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FIG. 5.—Temperatwe-pr-e rek+tiom m fiected by im.mller dispke,
ment and speed. Plotted on a logarithmic scrde

.

slip, i. e., that air which slips back through the impeller-case clearances, measured at a given
pressure difference -with no deliver-y, as obtained by bkwking off the inlet, may be in error ~hen
used at the same pressure difference for high impeIler speeds during air delivery. Since the
corrections made are for the same impeller speeds, the reIative errors resdting from” the use of
sIip at no deLi-rery are small. Shp speeds for the thee machines reduced to the same clearances

by rational processes are shown on Figure 6. PIots of air delivered corrected by this method
fire shown as dotted lines in Figure 4. Volumetric efficiencies as computed from these air
w-eights are shown by Fi=we 7. The power required to drive the supercharger, being mainly
a function of speed and pressure difference, is not affected -rery much by change in clearance.

—

.—
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The test resuIts and the comparative volumetric efficiencies form the basis for an estimation
of the comparative performance for definite service requirements. This will be preceded by
consideration of the independent effects of speed and displacement, without regard to service
requirements, in order that the comparison may be more readily appreciated.

Q 2 4. 6 8 m [2 f4 /6
Prea5uTe differenceOCr&s su>erch-orger;h.Of-Hg.

FIO.6.–Sli~ speed .%?M’eeted by impelIer displacement, pressure differ.
ence, clearance, and temperature

THE EFFECT OF SPEED ON PERFORMANCE:

Since simple theory, when assuming no
losses, shows that the air delivered depends
only on the displacement per revolution
and the revolutions per minute while the
power required depends on the air delivered
and the pressure clifference, consideration of
the effect of speed on performance in the
actual machine depends on consideration of
the Iosses occurring in the supercharger, their
kind and effect on performance, and the
effect of speed on their magnitude. The
one item of loss that causes the greatest
departure from the no-loss performance is
that due to the air leaking from the delivery
side to the inIet side through the clearmce
spaces. Other losses entertig are the-power
lost in gears and bearings, the power due
to air friction, and an apparent loss in
power and air delivery that will be termed
pressure loss. This apparent loss is due to
the fact that at the high speeds encoun-
tered the pressure within the displacement
volume before compression will be less than
that measured at the inlet to the machine,
and aftm comp~ession it will be greater than
that measured at the discharge side, thus

increasing the power required to drive the supercharger and decreasing the air deIiv~red beyond
that computed from observed pressures.

The effect of these losses on the relations of air delivered and volumetric efficiency to speed
wilI be considered first. On Figure 4 the theoretical air delivery, assuming no losses, is plotted
together with the measured deliveries. The
difference between the air weight deliv- ~ ~~o
ered at zero pressure difference and the <
theoretical vaIue shows the effect of speed ~,lo
which is made up of the effect of pressure $
loss and the effect of the 10SSdue to air ,$ so
friction, The displacement of the other $
curves is due partially to the redueed inlet Q 70
density and partially to the slip. For the $
condition of no losses the volumetric effi- .$ 500
ciency is 100 per cent regardless of speed, S ‘m 2000 ‘m 4000 ’000 6000 7~ 8$+22

impellerR.EM.
At the lower impelIer speeds, loss of air FIG. 7.–Volumetric efficiency es affected by impeIIer displacement,

through the impeller-case clearances reduces pri?ssursdifference, and speed

the volumetric efficiency below 100 per cent, having Iess effect as the speed increases.
If this loss were the only loss, voInmetric efficiency would approach 100 per cent at infinite
speed. Actual tests, however, show that the pressure loss serves to reduce the volumetric
efbciency within a practical speed range, but the reduction is quite gradual with increase in
speed.
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The effect of speed on power losses is shown grzphicalbj by Figure 3, from which it may be
seen that the departure of the measured power from theoretical po-wer increases with speed.
The power Iosses, at zero pressure difference , as given by differences of the theoretical and
actual power, m-e exponential functions of the speed, showing a variation with speed raised to
the 2.5 power. The increases in the power losses with pressure difference, as shown on Figure
3, are largely caused by the increased gear nnd bearing friction.

The power Iosses given by these differences are composed of gear and bearing friction, “
pressure losses, and air friction. Since the power depends on the geometrical displacement
and not on the air delivered, the efTect of slip does not enter.

Speed wilI also have an effect on the temperature-pressure relations, tending to increase the
temperature ratio for a given pressure ratio because of the fact that the radiating surface remains
constanfi while the total amounti of he~t generated in the comprwsion of an increased amount
of air increases -with speed. Counteracting this effect is the Ioss of air throught the clearance
spaces. Assuming that the amount of air that returns from the pressure side of the supercharger
to the inIet side depends primarily on the pressure difference, then the proportion of heated air
that is returned and recompressed with further increase in temperature decreases as the speed
is increased, thus resulting in a lower temperature for the delivered air. The fact that the
temperature-pressure relatioD plotted on a Iog basis, Figure 5, shows a definite temperature
increase with increase in speed for a discharge-inlet air-pressure ratio equal to 1 indicates that
the radiation condition controls. This speed effect may be represented by inserting a coefficient
“ C“ in the usual relation betmeen temperature and pressure, giving

71-1
m ,~,y-,-.

The value of” C“ is taken from the speed-curve intercepts on the temperature axis, and is pIotted
against speed at the top of F~gre 5. The inclease in temperature ratio due to increase in speed
is seen to be less than 5 per cent for speeds up to 6,500 R. P. M.

It was noted previously that the data for the 8$i-inch supercharger shows a definite change
in slope in the temperature-pressure relation at a pressure ratio of approximately 1.5. It appears
from rational processes of reasoming that this effect is independent of speed.

THE EFFECT OF DISPLACEMENT ON l? ERFORMANCE:

In view of the fact that the theoretical equation, omitting the influence of losses, shows that
the power required and air -weight delivered are directly proportional to displacement, an anaIysis
of the effect of displacement on performance is reduced to ana~yses of the effects of the losses on
the simple reIations as in the discussion of the effects of speed on performance. Slip has the
greatest influence on the difference between the simple theoretical and the actual performances.
Since slip speed at- a given pressure difl’erence is directly proportional to the clearance area and
inversely proportional to the displacement, it is necessary to know the relative change in dis-
placement and clearance area with a change in dimension. The displacement varies with the
iength of the supercharger, but since there are fixed clearance areas at the ends of the impellers
which are not changed by an increase in length the total clearance wilI not vary as rapidly as the
length. For example, doubling the Iength of the impellers doubles the displacement but does
not doubIe the clearance area. The slip, therefore, wiU be 1sss for the machine with greater
displacement, as is evidertt from Figure 6.

The influence of slip on the air delivery can be seen from Figure 7. Lf aII three superchargers
had the same slip, volumetric eficiency curves for the three superchargers would be approxi-
mately superimposed when the pressure difference is the same. The displacement of the curves
which show higher volumetric efficiencies for the Ionger superchargers indicates the extent to
which slip enters into the consideration of the effect of displaceme~t and air weight delivered.

Since the power required depends upon tihe work done on the air handled by the super-
charger and this work is the same regardless of the proportion of the air handled that returns to

.

—
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the intake side, slip has no effect on the relation between displacement and power unless the

power for a given weight of air is considered.

The magnitude of the effect of displacement on the other losses—namely, the pressure,

mechanical and air friction losses—is shown at the bottom of l?igure 3.
A pronounced effect. of change in displacement is its influence on the temperature-pressure

relations, The heat radiation surface of a Roots supercharger is composed of the two ends and
two sides of the compression chamber. When a change in size is obtained by a change in length
the heat generate d in unit time will increase in proportion with the increase in length for a
given pressure difference and speed. The increase in radiating surface with an increase in
length, however, is Iess than the proportional increase in length; consequent~y, the compression
exponent will increase with increase in displacement. It may be noted that for the two larger
superchargers the compression exponent is greater than the theoretical adiabatic exponent of
1.41. This is due to the magnitude of the power losses, which are such that the additional heat

generated by these losses is not completely radiated by the supercharger case. Under the
conditions of the laboratory tests, the compression exponent “n” in the equation

n—l

~= c(g) “
1

varies with the size in the following manner:

11 in, supercharger; n = 1.53

8X in. supercharger; n= 1.48
4 in. supercharger; n = 1.36

C?ONIPARATIVE PERFORMANCE FOR GIVEN REQUIREMENTS:

While the individual effects of speed and displacement have been discussed in the pre-
ceding paragraphs, speed and displacement must be considered simultaneously in the usual
case of selection of a supercharger for a specific purpose, entailing, as it does, a definite weight. . . . .

Impeller/errgfh,inches

FIG 8.—Comparative performances of three superclrmgers for
definite rates o[air delivery and variable impel]er kngth

o 0.2 0.4 0.6 0.8 /.0 /!2 /.4 L6
A[?dehtieredh./sec.

FIG, 9.—Comprmative performances for three superchargers for deErrite im-
peller length rmd variable rate of air delivery
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In Figure 8 severaI performance factors are plot~ed against impellerlength for constant
rates of air deLi-rery of 1 and 0.5 pound per second. These values were selected because they
apprmimate the air requirements of the two most popular sizes of engines in use to-day—engines
of 400 to 450 and 200 to 220 HP., respectively.

lt wil be noted that the volumetric ticiency remains at a satisfactorily high value,
regar~ess of length; hence, there iS ITWy fitt]e choice between different lengths from this viewpoint.

This is accounted for by the fact that the tendency for reduced volumetric efficiency caused

by higher slip for the smaller machines is counteracted by the tendency for increased volumetric

efficiency cwsed by the increased speed at which the smalk machine mwt be operated. The

rapid increase in impelIer speed with reduction in le@k res.dts in an increase in power required

for the shortest supercharger, as discussed heret o!ore. T’il_ile the percentage increase mixj

seem considerable in a reduct;on of length from 11 to 4 inches, the actual difference may not
be considered prohibitive, since at a pressure difference of 8 inches of mercury and a delivery
rate of I pound per second the difference of 9 HP. is small in relation to the net power of the
engine-supercharger unit. It is W-EMto point out, however} that very high speeds maj cause
a considerable increase in power due to the exponential nature of the power losses. Figure
9 shows the same hformation plotted against air delivered.

With regard to the temperature-pr-sure relations which were shown to be influenced by
a change in displacement and speed, it should be noted that the independent effect-s of each are
practicality canceJed at speeds that are of interesb in the supercharger application when con-
sidering simultaneous changes in speed and displacement to meet a specific requirement.

‘With this information as a basis, the actual selection may be made more intelligently, but,
since the performance is, in general, imprcwed somewhat by increasing the size of the machine,
the seIection wil be governed to a large extent by the space requirements of the particukm
application.

THE REDUCTION OF LABORATORY PERF’ORMAN-CE ‘TO ALTITUDE PF.RFOR3fAA’CE

The pressure conditions iu these tests are comparab~e to actual service conditions where
the supercharger is used to rnaintab sea-le~el pressure at the carburetor as the altitude of oper-
ation is increased bectiuse they were created by throttling the idet to the supercharger with free
discharge into the atmosphere. The intake temperature w-as nearly constant for all pressure
differences while in service the temperature decreasw considerably with increase in pressure
difference caused by increase in altitude of operation. In using the test data in this report
for the estimation of aItitude performance of the supercharger it is necessary, therefore, to
take into account, this difference in temperature conditions.

The chief effect of the difference in temperature is to change the density of the inlet air
and, therefore, the weight of air handled in unit time. A simple method of finding the air might
that would be handIed at altitude consists in mdtiplying the air weight given herein for the
pressure corresponding to the aItitmde under consideration by the ratio of the absolute tempera-
ture of these tests (5 19° l?.) to the absolute temperature of the altitude. The power required
wilI be sensibly that gi-ren herein, since po~er for a giv=enmachine is dependent on the pressure
difference and the speed.

No attempt is made to consider here the agreement of flight results with laboratory results;
it is intended mereIy to point out the importance of the difference in laboratory and flight in-
take air temperatures. While the dtierent temperature conditions ghe some difference in
clearance and consequently some difference in the volumetric eflkiency, the results that have
been obtained by the use of this method in connection -with actuaI flight work makes this effect
appear inconsequential for mos~ purposes.

CONCLUSION

It is evident from these tests that impeller speed and displacement ha~e an appreciable
effect on the performance characteristics of Roots superchargers aside from their effect as a
resulk of a direct proportional relation. It maybe conclllded, however, that the speed of impeller

—
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operation may be increased to at least 6,000 R. P. M. without imposing any serious performance

limitation—the volumetric efficiency is not seriously reduced and the power required per pound

of air delivered is not increased excessively at hhis speed. The results obtained with the 4-inch

supercharger indicate that good performance characteristics may be obtained with this relatively

small machine, which lends itself to a compact type of construction so much desired in aircrafti
practice.

When the three sizes of machines are compared on a basis of the same rate of air delivery
it is seen that the performance characteristics are the same in general, except that the power
loss introduced by high speeds of operation result in somewhat greater power requirement k for
the smaIIest supercharger.

L~N~LEY MEMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COWHTTEE FOR AERONAUTICS,

LANGLEY FIELD, VA.,December Iv?, 19..$’7.
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TABLE I

E~PERIMENTAL D.4TA USED TO DETERMINE TEE EFFECTS OF IMPELLER SPEED AND DISPL.4CEMENT

[8.25-inchsupercharger]

— ——.. .—.,— ,-, ,—

—+—---/ —1 ‘ .~k———
4 978
.5 97s
6 97s

97s;! 97s
9! 97s

10 : 978
11 ! 978
12 ! 978
13 978
14 978
15 , 978

# ~ :;;
97s

67 i 978
6S 978
69 97s
70 , 978
71 / 973

%1 ‘~74 :
I
1

208 \ 978~Q I 978
210 ‘ 978
211 / 978

L 48
;;;

9.46
.36

2.91 ,
2.4s
3.32
7,60
6.6.5
9.26
,39

,19

8:;;
7.S3 I

10.07
9.88

IL 24
11.24
13.82
U 91
U 47

Tt.st1
0.4165
.3615
.2970 a
. 1s93
.5100
,3465
.3955
.3334
.2555
.2775
.2255
.4855

Tat#
.4935
.4950
.2647
.2658 j
.2186
.2212
1750

:1740
.1222
.1452
.1454

1.067
L 162
1.304
L 728
L 010
L 131
L 111
L 227
L 446
L 363
L 607
L 012

I
L 011
L 011
L 453
L 431
L 636
L 618
L 7X)
L 746
2.135
L 970
L 921

L 024
L050
L 085

I L 177
L fM2
1.030
L 025
1..059
L 115
1. 10s
1.167
L R16

L 001
L 000
L 121
1.125
1.182
L 1s4

1L 180
I L 185
I L 196
1L216
1L 237

Ted$ __ :
3.16~ .3570 3.’25 , 1.143

1

1.MO
5.WI , .2630 L 307 1.078

10.31 ; ,1712 L.% ~ L 0$,4 1L 127
1!3,6s .1276 14.-s1

I
1974 11. 1s3

-
.

.

I These points ‘werenot used jr determining the temperature-pressure relations because the dlscnarge temperatures had not reaebed a SLIf3.
ciently constant condition.
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TABLE 11

105

EXPERIMEh-TAL DATA USED TO DETERMNE TEE EFFECTS OF IXPELLER SPEED AND D15PLACEMEYT

[S.2Mnch supercharger]

~

~~ (&”M@cr) :Fy; weight ~~g~e ~ PgrelreT:;~-
(R.P.K) ~:&pj=(In.lIg.)I ratio

Test 1 I
16 I, 957 L 95 0.9450
17

l17s f L 027 L 010
L W ?UCQ . S325 209 L W4 J..015

18 L 957 . 81!51 3.73 L 142 LOW
1: E .7240 ‘L244 L m

H ~g 13.93 .6410 2R L 374
1,%7 M.6s .5765 10.Cu L 4%

E
k%

L 957 L 75 .9285
~ 95; L 73 .9233

fij
~;; / ;g ;MJ

M 80 . !%10
251 I, 957 I 16.55 . 5SZI 9.64 L 473
26,

L 136
I, 957 2225 . 45io U. 70 L 775 L m

27 I, 957 22.62 .4652 12.97 L 761 LX!3

TextZ

# ~ $J I ~;g ;g5
.:1 L 024 L 010
. f4 L 025 1.010

9.87 I L Q9 + ;3J
78 i L 957 17:63 .5ml 9.Si L43S
79 I, 957 m. 75 .&2.SS IL 63 L 631 1:176
w’ 1,957 W. 58 .m u. 63 L 631 1. 1S0
81 ! 1,958 23.05 . ‘4*” 12.w 1.73 L 230
ss~ 1,057 23.02 ~ ; fi~ 12 w 1.750 1.22-0
al 1,957 X@ IL 92 L 985~j L%

L 957 26.S1 .3952 14.w L SS1 L 29.3

I Teti$
~~ 1,957 19.55 .W’to LL3? L W6
2Q7

L MS
L 957 23.35 .3310 M. 23 %1SS IL2?4

212 ~ L 957 21.25 .4202 12.38 1.703 IL146
213 1 1,955 2-3.S.5 .3735 15.45 2.063 ~L237
214 I, 957 6.55 3.75 L 143 L 044
215 ~ 1,9a7 14.02 : i% &12 L 367 L 100

.

i These points were not used in dekrmirdng the temperature-presssa relatiom be&au.wthe disckrge temperatures hsd not reached a s@Ociently
constant condition.

TABLE HI

EXPERI.ME%-T.<L DATA USED TO DETERMINE TEE EFFECTS OF IMPELLER SPEED A?TDDLSPLA.CEMENT

[8.25.inch supercharger]

2s

:
31
32
33
34
35
36
37
3s

n
41

Ss
26
87
s
39
92
91
92
93
94

3,67
5.5.5
n.44
27.14
33.18
33.33
~ ~~
2$.67
4270
4270

TeW1
L Ml L35

L 35
?%? 2.05
1.319 205
L 215 3.75
L234 3.79
L 105 6.07
L 102 6.07
L 11’x3
L W2 “:E
.918 9.74
.915 9.85
.Sm H. 62
.817 IL 65

Text2
1.3% L 25
L35S
.S% J z
.&xl 10.02
.734 12.10
. 7E2 u. 06

M. 34
:% M. xl
.593 15.75
.593 15.72

1.043
L 043
LW2
L Wo
L 3.%
L 671
LSUS
L W3
2.6%
2093

f ;3

1:m
L 147
L 197
L m
L 26S
LZ73
L 324
L 333

TextS
232 z 935 10.87 L 212 3.8“5
m

L 14s L 052
z 535 23.S2 L 032 7.54 L 337

204
L 093

~ 935 3L 543 .793 lL 74 L 642 L 177

‘l~w 42% .w) 15.65 2 M lLN
L_

1These wints wem not used in determining the temperature-pressure reIations beceuss the discharge temperatures bad rmt reached a W&
cientIy cometant audition.
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EXPERIMENTAL DATA USED TO DETERMINE TEE EFFECTS OF IhIPELLER SPEED AhlD DISPL.4CEMENT

[8.25-inchsupercharger]
—-.——–—

Afr I -:~
Pressure

‘eight /difference
‘~~;$~ ; (In, Hg.)?%!

Temper-
ature
ratio

Horse-
power

yoLl

.
T

1.783
L 791
1.662
L 655
1.527
1.520
L 359
L 365
L 216
L212
1.125
L 12’3

1.94
L 99
a. 76
3.76
5.75
5.75
8.10
8.06

10.22
10.28
11.w
lLL59

L 782T
1.778
L m
1.212
L 038
1.041
. S@
. W2
.853
.840
.833

1.032
L032
L 149
L 153
L m9
L 225
L2S3
L288
L318
1.329
L 333

.

1These vohres were not computed sinw these runs were made for purposes other tfmn the determination of power and air delivery,
—-

TABLE V

EXPERIMENTAL DATA USED FOR DETERMINING THE EFFECTS OF IMPELLER SPEED AND DISPLACEMENT

[8.25-inchsupercharger]

I T $ $ t .- -=.
Il-l

;,rl .- Horse-
,. power,.

1 I

,--------

1.109
L110
1.164
1.164

;%

1:397
1.6!)8
L 508

1.169
L 267
1.372
L 510
1.261

.

1.

Tat1
h,oruns~adoat5,283impeller R.P.M. 1---------- ........

21.00
21.60
26.87
26.87
36.45
36.38
48.05
48.03
67.48
57.24

27.15
36.70
45.37
58.Xl
35.45

L 047
‘L 054
1.063
1.003
L 09)
I. 094
L 136
L 137
L 177
1.178

222
223
224
226
226

5,283
5,233
5,283
5,283
5,283

L 006
1.091
L 116
L 167
Id100


